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Abstract.-Fish meal is one of the predominant 
sources of crude protein used in practical feeds for 
most cultured species. However, with overfishing and 
increasing demand for protein feedstuffs, new com- 
petitively priced sources of dietary protein are needed. 
A coextruded soybean meal-red blood cell (SBM- 
RBC) ingredient was evaluated as a source of crude 
protein for rainbow trout Oncorhynchus mykiss. The 
SBM-RBC ingredient was incorporated at either 0, 2 I ,  
42 or 63% of the dietary protein, replacing an isoni- 
trogenous amount of fish meal. All diets were fed for 
8 wk to triplicate groups of juvenile rainbow trout (av- 
erage initial weight 49.5 g) stocked into a recirculating 
system consisting of 48, 114-L aquaria. There were no 
significant differences in weight gain, feed conversion 
ratio, protein efficiency ratio, apparent crude protein 
digestibility, apparent gross energy digestibility, dress- 
out  percentage, or fillet protein and fat concentrations 
in fish fed any of the experimental diets. Based on 
these data, extruded SBM-RBC appears to be a suit- 
able ingredient in diets fed to rainbow trout. 
Aquacultural production grew at a rel- 
atively rapid rate in the latter half of the 
last century and further growth has been 
predicted (New 1997). Sustaining this 
growth requires available feedstuffs and 
feeds at reasonable prices. Fish meal is 
one of the highest quality protein sources 
I Corresponding author. 
Present address: USDA-ARS-NAA, Eastern Re- 
gional Research Center, 600 East Mermaid Lane, 
Wyndmoor, Pennsylvania 19038-8598. 
currently available for aquaculture feeds 
(Love11 1989) and the predominant ingre- 
dient in diets fed to several species of fish 
(Pike 1990), yet the continued availability 
of fish meal is questionable (Rumsey 
1993; Naylor et al. 2000). Thus, evalua- 
tion of new feedstuffs is an important area 
of research. 
Perhaps the most commonly studied al- 
ternative protein for fish is soybean meal 
(for recent examples, see Floret0 et al. 
2000; Refstie et al. 2000; Elangovan and 
Shim 2000; Allan et al. 2000; Davis 2000; 
Carter 2000; Vielma et a]. 2000). Feedstuffs 
made from blood are another potential 
source of crude protein, and several prod- 
ucts have been evaluated in diets fed to fish 
(Fowler and Banks 1976; Asgard and Aus- 
treng 1986; Gallagher and Ladouceur 
1995). However, neither soybean nor blood 
meals have been successfully used as the 
sole source of crude protein. 
Soybean meal is often limiting in key es- 
sential amino acids such as lysine and me- 
thionine and contains antinutritional factors 
that may limit its use. Blood-based feed- 
stuffs are generally not limiting in essential 
amino acids, but dehydrating the blood to 
produce blood meal or whole blood powder 
is comparatively expensive. The cost of 
0 Copyright by the World Aquaculture Society 2001 
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processing the liquid component of blood 
must be reduced if we are to realize ex- 
panded use of blood products from the live- 
stock slaughter industry. Red blood cells 
are an inexpensive byproduct of processing 
whole blood into plasma for food and phar- 
maceutical products. 
A new method of using the red cell frac- 
tion of blood as an ingredient in diets was 
recently described (Wang et al. 1997). Liq- 
uid red blood cells were mixed with a dry 
carrier such as soybean meal, bran, rice 
husks, or corn meal. The blended product 
was then extruded to form a single dry feed 
ingredient. 
The objective of this study was to eval- 
uate the growth of rainbow trout Oncorhyn- 
chus mykiss fed diets containing a soybean 
meal-red blood cell (SBM-RBC) coextrud- 
ed feed ingredient substituted into practical 
diets for fish meal. 
Materials and Methods 
All diets were formulated and produced at 
the Oceanic Institute, Waimanalo, Hawaii, 
USA. A standard reference diet was based on 
the macronutrient and essential amino acid 
requirements and recommendations for rain- 
bow trout (Cho and Cowey 1991; NRC 
1993). Norwegian LT-94 fish meal served as 
the reference protein source. The test ingre- 
dient was an extruded blend of soybean meal 
and porcine red blood cells (SBM-RBC, 85: 
15 dry wt basis) (Wang et al. 1997), prepared 
at the Center for Crops Utilization Research 
at Iowa State University, Ames, Iowa, USA. 
The liquid red blood cells were blended with 
soybean meal in a ribbon mixer (Marion 
Mixer, Marion, Iowa, USA) and coextruded 
with a single screw extruder (Wenger, Inc., 
Sabetha, Kansas, USA). Nutritional compo- 
sition of the LT-94 and SBM-FU3C is found 
in Table 1. The test ingredient was added to 
formulations with the aid of linear program- 
ming on an isocaloric and isonitrogenous ba- 
sis. The maximum level of incorporation that 
maintained the desired minimum levels of es- 
sential amino acids was approximately 63% 
of the dietary crude protein. Thus, the SBM- 
TABLE 1. Nutrient projles of Norse LT-94 fish meal 
and soybean mealhed blood cell (@:I5 dry weight 
basis) coextruded ingredient used as sources of 
crude protein and essential amino acids in diets for 
ruinbow trout. Units,for aN nutrienrs ure % dry mat- 
ter basis, unless denoted otherwise. Values ure 
means of duplicate determinations. 
Soybean 
LT-94 mealhed 
fish meal blood cell 
Gross energy (kcalkg) 
Dry matter 
Crude protein 
Crude fiber 
Crude fat 
Nitrogen-free extract 
Ash 
Calcium 
Phosphorus 
Iron (mgkg) 
Alanine 
Arginine 
Aspartic acid 
Cystine 
Glutamic acid 
Glycine 
Histidine 
Isoleucine 
Leucine 
Lysine 
Methionine 
Phenylalanine 
Serine 
Taurine 
Threonine 
Tryptophan 
Tyrosine 
W i n e  
4954 
93.3 
74.0 
0.4 
11.0 
0.0 
11.4 
2.1 
2.0 
1.4 
4.4 
4.9 
6.2 
0.6 
9.4 
4.4 
I .6 
3.0 
5.2 
5.7 
1.8 
2.7 
2.1 
0.8 
2.9 
0.6 
2.3 
3.6 
4330 
91.6 
55.1 
3.0 
1.3 
25.9 
5.7 
0.4 
0.7 
2.9 
3.4 
6.3 
0.7 
8.4 
2.4 
2.2 
2.0 
5.1 
3.8 
0.7 
3.0 
2.6 
0.0 
2.0 
0.7 
1.8 
3.3 
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RBC ingredient was added at 0, 21, 42, or 
63% of the dietary crude protein, or 0, 33, 
67, or 100% of the maximum level (Table 2). 
One diet (SBM-RBCDG) was formulated to 
determine the digestibility of the SBM-RBC, 
using the method described by Cho et al. 
(1982) in which the test ingredient is substi- 
tuted at 30% into the reference diet. Our ref- 
erence diet was the control diet described in 
Table 2. Menhaden oil served as the lipid 
source in all diets, and corn starch was used 
as the carbohydrate source. Chromic oxide 
(Cr,O,) was added at 1% of the diet as an 
inert indicator of digestibility. A standard vi- 
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TABLE 2. Ingredient composition and proximate composition of experimental diets fed to rainbow trout for  
evaluation of soybeuti meal-red blood cell coextruded ingredient (SBM-RBC). which wws incorporated at 
either 21 (SBM-RBC2I). 42  (SBM-RBC42). or 63% (SBM-RBC63) of the dietary crude protein. Additionally, 
SBM-RRC was substituted into the control diet at 30% of the diet fo r  determination of digestibility (SBM- 
RBCDG). All values are expressed as a percentage of dry matter unless denoted otherwise. Values are means 
of duplicate determinations. 
Ingredient Control SBM-RBC2 1 SBM-RBC42 SBM-RBC63 SBM-RBCDG 
Norse LT-94 
SBM-RBC 
Corn starch 
Menhaden oil 
Calcium phosphate 
Chromic oxide 
Vitamin premix;' 
Choline chloride 
Ascorbic acidh 
Mineral premix* 
Measured Nutrient Profile 
Dry matter 
Gross energy (kcalkg)  
Crude protein 
Crude fat 
Crude fiber 
Ash 
Calcium 
Phosphorus 
Magnesium 
Iron (ppm) 
Alanine 
Arginine 
Aspartic acid 
Cystine 
Glutamic acid 
Glycine 
Histidine 
lsoleucine 
Leucine 
Lysine 
Methionine 
Phenylalanine 
Serine 
Taurine 
Threonine 
Tryptophan 
Tyrosine 
Valine 
56.0 
33.5 
6.2 
0.7 
I .o 
0.55 
0.45 
0.5 
0. I 
- 
93.8 
43.0 
11.4 
1.2 
8.7 
1.5 
I .4 
0.1 1 
2.7 
2.7 
3.6 
0.4 
5.5 
2.4 
0.9 
1.7 
3.1 
3.3 
I .o 
I .6 
1.6 
0.4 
1.7 
0.4 
I .3 
2. I 
4,800 
129 
44.1 
16.6 
27.8 
7.1 
1.3 
I .o 
0.55 
0.45 
0.5 
0.1 
94.1 
43.8 
11.7 
1.5 
8.9 
1.4 
1.4 
0.13 
2.5 
2.7 
4.0 
0.4 
6.0 
2.5 
1.1 
I .7 
3.4 
3.3 
0.9 
1.7 
1.8 
0.4 
1.7 
0.4 
I .3 
2.3 
4,770 
209 
32.1 
33.7 
21.2 
8.1 
2.2 
1 .o 
0.55 
0.45 
0.5 
0. I 
93.9 
44.2 
11.6 
1.9 
9.4 
1.5 
1.5 
0.15 
2.4 
2.7 
4.2 
0.4 
6.3 
2.2 
1.1 
1.5 
3.4 
3.1 
0.8 
1.9 
1.8 
0.2 
1.6 
0.5 
I .4 
2.3 
4,750 
275 
21.0 39.2 
50.3 30 
13.8 23.5 
9. I 4.3 
3.1 0.5 
1 .o 0.7 
0.55 0.38 
0.45 0.32 
0.5 0.34 
0.1 0.060 
91.8 
44.0 
11.4 
2.9 
9.7 
1.6 
1.6 
0.17 
2.4 
2.7 
4.4 
0.4 
6.6 
2.1 
I .2 
1.5 
3.5 
3.0 
0.7 
2.0 
1.9 
0. I 
I .6 
0.5 
1.4 
2.4 
4,675 
360 
93.8 
47. I 
8.2 
1.9 
8.2 
1.1 
1.2 
0.15 
2.1 
2.9 
4.5 
0.4 
6.8 
2.5 
I .2 
1.7 
3.7 
3.4 
0.9 
2.0 
1.9 
0.3 
1.8 
0.5 
1.5 
2.6 
4,690 
277 
Vitamin and mineral premixes from NRC (1993). 
Vitamin C supplied as  L-ascorbyl 2-polyphosphate (Roche Inc., Nutley, New Jersey, USA). 
tamin and mineral mix was added to all diets ville, Indiana, USA) with a triple pass con- 
(NRC 1993) and vitamin C was added as L- ditioner. All feed was transported to the 
ascorbyl 2-polyphosphate (Roche Inc., Nut- Purdue University Aquaculture Research Fa- 
ley, New Jersey, USA). The diets were pel- cility, then stored at -20 C until the feeding 
leted using a CPM pellet mill (Crawfords- trial started. 
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TABLE 3. Mean percentage weight gain, feed conversion ratios (FCR), protein efJiciency ratio (PER), apparent 
crude protein and energy digestibilities (% dry matter basis), dressout (% wet weight basis). andfillet protein 
and fat concentrations (% dry matter basis) of rainbow trout fed experimental diets containing a soybean 
meal-red blood cell (SBM-RBC) coextruded ingredient incorporated at either 21 (SBM-RBC2I). 42 (SBM- 
RBC42), or 63% (SBM-RBC63) of the dietary crude protein. Additionally, SBM-RBC was substituted into the 
control diet at 30% of the diet for  determination of digestibility (SBM-RBCDG). Means of three replicate 
groups of fish. Values with same letters in the same column were not signijicantly different (P < 0.05) as 
determined by ANOVA and Student-Newman-Keuls test. 
Appdren t Fillet 
digestibility composition Dietary Weight 
treatment gain (%) FCR' PER? Protein Energy Dressout' Protein Fat 
Control 194.8 0.9 2.6' 95.6 87.0 79.8 63.5 27.6 
SBM-RBC2 1 205.2 0.9 2.7u 95.7 86.9 80.1 62.5 27.5 
SBM-RBC42 190.0 0.9 2.5"' 95.7 87.8 80.0 63.5 29.0 
SBM-RBC63 189.3 0.9 2.5P.h 95.8 88.8 79. I 64.9 27. I 
SBM-RBCDG 189.0 0.9 2.3" 96.0 87.8 81.4 64.5 26.9 
SBM-RBC 96.8 89.6 
Pooled SEM 0.01 0.01 0.006 0.58 2.30 3.04 11.85 5.30 
I Feed conversion ratio = dry feed intake/wet weight gain. 
Protein efficiency ratio = wet weight gaidprotein intake. 
Dressout percentage = weight of fish with viscera and gills removed/whole fish weight X 100. 
Shasta strain rainbow trout were obtained 
from the Harrietta State Fish Hatchery, 
Michigan Department of Natural Resourc- 
es, Harrietta, Michigan, USA. The fish were 
transported to the Purdue University Aqua- 
culture Research Facility and held at 14 C 
in a 2000-L circular tank. Upon arrival, the 
fish were held for an initial quarantine pe- 
riod of 2 wk. During this period, they were 
fed a commercial trout feed (Nelson and 
Sons, Murray, Utah, USA). 
The experimental system consisted of 48 
aquaria, each with a volume of 110 L. Wa- 
ter flowed from the aquaria to common pri- 
mary settling chambers, then to a secondary 
screen filter system. The secondary screen 
filter systems were attached to a common 
2000-L biofilter. The system also included 
two 190-L sand filters, refrigeration units 
and supplemental aeration. The incoming 
flow rate to each aquarium was 3-5 L/min. 
The system temperature was maintained at 
14 ? 1 C. Dissolved oxygen was not below 
85% saturation, ammonia-N did not exceed 
0.5 mg/L, and nitrite-N did not exceed 0.2 
m g L  
Prior to the start of the 8-wk experiment, 
15 aquaria were stocked with 20 fish per 
aquarium and the fish were acclimated to 
their new surroundings for 2 wk. During the 
first week, all fish were fed the same com- 
mercial diet offered during the quarantine 
period. At the start of the second week, trip- 
licate aquaria were randomly assigned one 
of the five dietary treatments. All fish were 
offered their respective diets during the sec- 
ond week. 
At the beginning of the experiment, the 
number of fish was reduced to 15/tank with 
a combined weight of 743 2 5 g. The fish 
were fed a restricted rate three times per 
day. The initial rate was 2.1% of body 
weight/d (Piper et al. 1989). Every 2 wk, 
all fish were weighed and the feed allotment 
adjusted. For each weigh out, the fish were 
anesthetized with 30 mg/L tricaine meth- 
anesulfonate (MS 222; Argent Chemical 
Laboratories, Redmond, Washington, 
USA). 
Starting 2 wk prior to the final weigh out, 
all aquaria were cleaned by siphoning all 
organic material from each aquarium after 
the evening feeding, The following morn- 
ing, accumulated feces were collected by si- 
phoning. The collected feces were pooled 
by tank, placed in aluminum pans, and 
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dried in a forced-air oven at 100 C over- 
night. This duration of fecal exposure to 
water was similar to the original method de- 
scribed by Cho et al. 1982 and considered 
appropriate for determination of macronu- 
trient digestibility values. 
All fish were given their final feeding 12 
h prior to the final weigh out. To prevent 
stress and gut evacuation, the fish were eu- 
thanized in their respective tanks with MS 
222. Fecal samples were collected from all 
fish by surgically removing ingesta from 
the distal 10% of the intestine (Austreng 
1978). Fish from individual aquaria were 
anesthetized and fecal samples collected 
prior to anesthetizing the next tank of fish. 
Total time to collect samples from all tanks 
was approximately 2 h. All samples were 
pooled with the previously collected feces 
and dried. 
At the end of the 8-wk experiment, per- 
centage weight gain ([final weight-initial 
weight X 100]/initial weight), feed conver- 
sion ratio (FCR, dry feed intake/wet weight 
gain), protein efficiency ratio (PER, wet 
weight gaidprotein intake), and dress out 
percentage (DOE weight with viscera and 
gills removed/whole wet weight* 100) were 
calculated for each replicate. Three fish per 
replicate were used for DOP Muscle sam- 
ples were collected from each of those fish 
and frozen (-20 C) for subsequent chemi- 
cal analyses. 
Frozen muscle and fecal samples were 
sent to the Oceanic Institute for composi- 
tional analysis. Muscle and feces were an- 
alyzed for moisture, ash, fat, crude protein, 
and energy content by standard methods 
(AOAC 1990) as were amino acid concen- 
trations (Sarwar and Botting 1990). Chro- 
mium and other minerals in ingredients, 
feed, and feces were analyzed by atomic 
absorption spectrophotometry (Perkin-El- 
mer, Norwalk, Connecticut, USA). Using 
those values, apparent crude protein and en- 
ergy digestibility were determined for the 
experimental diets using the following 
equation: 
Digestibility 
= 100 - [ 100 X (% indicator in feed 
+ % indicator in feces) 
X (% nutrient in feces 
+ % nutrient in feed)]. 
Digestibility of the test ingredient from fish 
fed SBM-RBCDG was calculated by the 
following equation: 
Ingredient digestibility 
= 100/30 
X [digestibility coefficient of test diet 
- 70/100 X digestibility coefficient 
of reference diet]. 
All data were analyzed as a completely 
randomized design (Sokal and Rohlf 1981) 
using SAS for personal computers software 
(SAS Institute, Inc., Cary, North Carolina, 
USA). Each aquarium was used as the ex- 
perimental unit. If ANOVA indicated sig- 
nificant differences, Student-Newman- 
Keuls test was used to separate mean values 
(Sokal and Rohlf 1981). A level of signif- 
icance of P < 0.05 was accepted. 
Results 
There were no statistically significant dif- 
ferences in percent weight gain, FCR or 
PER between fish fed the control diet and 
those fed SBM-RBC at 21, 42, or 63% of 
dietary protein (Table 3). Values for weight 
gain were in a narrow range of 189 to 205% 
and all FCR values were numerically the 
same. Fish fed SBM-RBCDG exhibited a 
mean PER value of 2.3, which was signif- 
icantly lower than mean values for fish fed 
0 and 2 1 % SBM-RBC, but not significantly 
lower than in fish fed 42 or 63% SBM- 
RBC. Weight gain and FCR of fish fed 
SBM-RBCDG were not significantly differ- 
ent from fish fed the control diet or those 
fed any level of SBM-RBC. One mortality 
occurred during the course of the study. 
There were no significant differences in 
apparent crude protein or energy digestibil- 
414 SELDEN ET AL. 
ities in fish fed any of the diets (Table 3). 
Apparent crude protein digestibility ranged 
from 95.6-96.0% and apparent energy di- 
gestibility ranged from 86.9-88.8%. The 
apparent dry matter digestibility of the 
SBM-RBC ingredient was 93.7%, apparent 
crude protein digestibility was 96.8%, and 
apparent energy digestibility was 89.6%. 
There were no statistical differences in 
DOP in fish fed any of the diets (Table 3). 
Dressout percentages ranged from 79.1 to 
81.4%. There were also no significant dif- 
ferences in protein or fat composition of the 
muscle (Table 3). Muscle protein concen- 
trations ranged from 62.5 to 64.9% and fat 
concentrations ranged from 26.9 to 29.0%, 
both on a dry matter basis. 
Discussion 
Based on the results of this experiment, 
rainbow trout grow as well when fed diets 
containing the SBM-RBC coextruded in- 
gredient as a primary source of protein as 
they do when fed diets containing fish meal 
as the primary source of crude protein. Fur- 
ther, the quality of the fillet produced does 
not appear to have been significantly af- 
fected. Thus, SBM-RBC appears to be a 
suitable ingredient in practical diets for 
rainbow trout. 
The highest incorporation of SBM-RBC 
in this study was 50.3% of the dry diet, 
providing 42.75% soybean meal and 7.5% 
red blood cell. Incorporation of over 20% 
soybean meal in diets for rainbow trout is 
generally not recommended (Cho and Cow- 
ey 1991); significant decreases in weight 
gain have occurred at 30% SBM incorpo- 
ration into diets (Renitz 1980). Ingredients 
derived from blood products are routinely 
incorporated at 5-7% of the dry diet (Adel- 
izi et al. 1999). Thus, incorporation of red 
blood cells did not exceed recommended 
levels for blood meal, while SBM incor- 
poration did exceed recommended levels. 
The additional heat of the extrusion pro- 
cessing after lipid extraction, meal toasting 
and drying may have contributed to the tol- 
erance of higher levels of incorporation into 
diets for trout. However, this would seem 
similar to standard extrusion of diets. Two 
other possible explanations exist. Combi- 
nations of ingredients may not exhibit sim- 
ilar maximum levels of incorporation as 
those ingredients incorporated alone. Ketola 
and Harland (1993), Ketola and Richmond 
(1994), and Adelizi et al. (1999) were able 
to incorporate higher than recommended 
levels of soybean meal into diets for rain- 
bow trout with minimal adverse effects. 
While there are apparently no formal eval- 
uations in trout, dietary associative effects 
have been reported for crayfish (Brown et 
al. 1989) and can be either positive or neg- 
ative. 
The SBM-RBC mixed product is worthy 
of further study as are other blended and 
extruded combinations of ingredients. The 
difficulty in using blood products has been 
the expense of processing liquid blood into 
a dry feed ingredient and resulting cost of 
the product. Use of SBM is restricted be- 
cause it has essential amino acid limita- 
tions. Combining the two products over- 
comes both problems and results in  a better 
feed ingredient than either product alone. 
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